BEZDÍČEK, J., HANUŠ, O., BJELKA, M., DUFEK, A., JEDELSKÁ, R., KOPECKÝ, J.: Analyse of the relationship between milk components and reproduction in the Czech Fleckvieh fi rst-calf cows. Acta univ. agric. et silvic. Mendel. Brun., 2009, LVII, No. 1, pp. 13-26 The aim of our study was to evaluate the relationship between reproduction and milk traits in cows of the Czech Fleckvieh. In the period of 90-180 days a er calving milk of each dairy cow was analysed for constituent milk components and milk features (40 analyses in total for each sample). The database contained data concerning to the origin and reproduction traits (service period, services per conception and interval between calving and fi rst insemination) for every single cow. When the calculated correlations were evaluated the milk yield reached signifi cant (* p < 0.05) to very signifi cant (**p < 0.01) negative correlation to content of some milk components: fat (−0.253**); rough protein (−0.256**); casein (−0.197**); pure protein (−0.247**); and also to content of some macroelements as: phosphorus (−0.245**); sodium (−0.261**); magnesium (−0.151*). Relation of milk yield (in kg) and reproduction traits (number of inseminations and length of service period) shows non-signifi cant positive correlations. With increasing of milk yield, there are a higher number of services per conception and longer service period. It confi rms a general tendency of deterioration of reproduction with an increasing milk yield. We have found out that when the concentration of urea, acetone, number of somatic cells and percentage of fat in milk of Czech Fleckvieh cows was increased, reproduction traits worsened (number of inseminations, length of service period). The diff erences were not statistically signifi cant. This nega ti ve relation was not proven to an interval (number of days between calving and the fi rst insemination), where a company management may have a signifi cant infl uence.
this study we focused on monitoring of relations between reproduction indicators and basic indicators of state of health of the cows (acetone concentration, urea concentration, somatic cell count) and also to other (45 in total) indicators of milk analyses. In case of some milk components we focused also on increased -above-average concentrations that o en indicate reproduction problems.
A basic condition for good milk yield and reproduction of cows is a good nutrition. Patton, J. et al. (2007) found that energy balance during early lactation was associated positively with conception rate to fi rst insemination. In addition, a more positive energy balance was associated with a greater likelihood of earlier presumption of cyclicity and earlier conception. Buckley, F. et al., 2003 published a positive relationship between dairy cow reproductive performance (likelihood of submission and pregnancy) and milk production in a pasture-based system when adjustments include breeding value for milk yield and proportion of Holstein-Friesian genes. Seasonal pasture-based system of milk production is necessary to maintain body condition score at 2.75 or greater during the breeding season. Loss of body condition between calving and fi rst service should be restricted to 0.5 body condition score unit to avoid a detrimental eff ect on reproductive performance. The results of this study show also that milk protein and lactose content, and body weight gain postbreeding are important tools to identify cows at risk of poor reproductive performance. Baker, L. D. et al., (1995) found that high concentrations of urea in bodily fl uids of the cows reduce me ta bo lic eff ectiveness of milk production, infl uen ce negatively health and reproduction and contri bu te to environmental contamination, because more than 95 % of endogenous urea is excreted in urine. Concentration of urea in milk is a better indicator of an ave ra ge concentration of urea in blood plasma than the urea in blood plasma itself. Gustafsson, A. H. and Palmquist, D. L. (1993) proved that the content of milk urea may be used as a tool indicating the state of nutrition in case the main sources of variance are eliminated. Urea in milk has been proven to be a suitable indicator of state of nutrition of cows in many works: Oltner, R. and Wiktorsson, H. (1983) ; Gustafsson, A. H. and Ema nuel son, U. (1993) ; Hanuš et al. (1993) ; Homolka, P. and Vencl, B. (1993) ; Piatkowski et al. (1981) . Fertility and milk yield (in kg) and also milk components are important conditions of good economy of cow breeding. That is why many authors deal with their mutual relations. Hanuš, O. et al. (1993) found out that prolonging service period to more than 90 days is connected with higher content of urea in milk. Conception rate a er the 1 st insemination and an insemination index were not in a statistically signifi cant relation to content of urea and out of this they deduced higher frequency of silent heat. Also Říha, J. a Hanuš, O. (1999a) came to similar conclusions. They proved that the higher concentration of urea, i.e. supposed higher nitrogen stress of the organism, the worse important practical indicators of cow fertility are -mainly the length of service period, insemination interval and getting pregnant a er the 1 st insemination. Concerning the insemination index the relation was non-evidential. Ferguson, J. D. and Chalupa, W. (1989) and Ferguson, J D. (1991) stated that milk production and fertility of cows are infl uenced by using a protein got to rumen micro-organisms and tissues of the ruminant (saturation of two metabolic systems). When there were various diets, pregnancy rate went from 52 % -when the level of plasma urea nitrogen was 1.67 mmol / l -to 35 % and the level of 4.17 mmol / l. Butler, W. R. et al. (1996) found, that PUN (plasma urea nitrogen) and MUN (milk urea nitrogen) concentrations > 19 mg/dL were associated with ap pro xima te ly a 20 percentage point decrease in pregnancy rate a er AI in lactating dairy cattle. Ferguson, J. D. et al. (1993) published that likelihood ratio test indicates conception rate decreases with serum urea N of >14.9 mg / dl, but dichotomized test suggests that the decrease does not occur until serum urea N is >20 mg / dl.
A good indicator of energetic metabolism is a concentration of acetone in milk (various authors: Gustafsson, A. H. and Emanuelson, U. (1993); Hanuš, O. and Ticháček, A. (1997) ; Gravert, H. O. et al. (1986); Hlásný, J. (1997) , e.g.. Gustafsson, A. H. and Palmquist, D. L. (1993) observed a negative infl uence of ketonuria on reproduction accompanied by an obvious nitrogenous overload of the organism of the cows. Říha, J. a Hanuš, O., (1999b) proved a continuous deterioration of reproduction indicators (service period by 19 days, where p < 0.05; number of inseminations by 0.27, where p < 0.08) when the concentration of acetone in milk was gradually increased. It is important to consider also a quality of fodder in diff erent seasons. Levels of ketones are higher in winter (compared to summer) because of feeding higher doses of ketogen feed (Rauramaa, A. and Rajamáki, S., 1988; Hanuš, O. et al., 1993) .
MATERIAL AND METHODS
Collection of data including data on reproduction indicators of breeding-cows, their origin and milk components content comes from fi ve farms of the Czech Fleckvieh cows. In the period of 90-180 days a er calving milk of each dairy cow was analysed for constituent milk components and milk features (40 analyses in total for each sample). The analy ses carried on, including abbreviations and units of measurement were as follows:
Daily milk yield (kg.day −1 ) F = Fat content (g.100g −1 ; %) L = lactose (monohydrate, g 100g −1 , %) SNF = solid non fat (g 100g −1 , %) DM = dry matter (g 100g −1 , %) SCC = somatic cell count (thousand ml −1 ) log SCC U = urea concentration (mg . 100 ml −1 ) Ac = acetone concentration (mg l −1 ) log Ac AS = alcohol stability (ml, consumption of 96 % ethanol to protein coagulation in 5 ml of milk TA = titration acidity according to Soxhlet-Henkel (ml 0.25 mol . l −1 NaOH solution for the titration 100 ml of milk) EC = electrical conductivity (mS cm −1 ) pH = actual milk acidity MFP = milk freezing point (°C) RCT = rennet coagulation time (second) CQ = subjective estimation of curds cake quality determined by the aspection and touch from 1st (excellent) to 4th (poor) class CF = cheese curd fi rmness = depth of the penetration of the corpuscle falling into curd cake in the standard way, value expresses the opposite relationship to fi rmness (mm) WV = whey volume (in ml; whey, which was ejected during rennet curds cake creation for 60 minutes) CP = crude protein content (Kjeldahl, total N×6.38 The analytical procedures were in the case of milk components and physical-chemical features of milk carried on according to the following milk processing analytical procedures: F, L and SNF indicators were measured by the instrument MilkoScan 133B (Foss Electric, Denmark), which was regularly calibrated according to the refe ren ce method results (standard ČSN 57 0536 by the Gerber´s method for fat content, Kjeldahl´s method for crude protein content and polarimetric and gravimetric methods for lactose and SNF contents, according to standard ČSN 57 0530). The instrument was included into profi ciency testing with regularly successful results. The wide-spreaded result uncertainties were: ± 2.77 % for fat (± 0.101 for original unit), ± 2.59 % for protein (± 0.085) and ± 2.77 % for lactose (± 0.115) .
MFP values were analysed by the top cryoscopic instrument Cryo-Star automatic Funke-Gerber (Germany). The selected measurement mood was Plateau Search (with parameters: interval = 23 se cond and delta t = 0.4 m°C). The instrument was under regular calibration by the standard NaCl solutions (FunkeGerber) and included into profi ciency testing with successful results regularly. The wide-spreaded result uncertainty of measurement (1.96 times the combined uncertainty as standard deviation with probability level 95 %) was ± 0.00608 °C, it means ± 1.18 %.
The SCC was determined by Fossomatic 90 instrument (Foss Electric, Denmark) according to ČSN EN ISO 13366-3. Apparatus was included into profi ciency testing with the good results regularly. The wide-spreaded result uncertainty was ± 9.3 % for SCC < 900 thousands.ml The U was determined by spectrophotometric method at the 420 nm of the wave length. The specifi c reaction solution was prepared as sour mixture with the p-dimethylaminobenzaldehyde. Spekol 11 instrument (Carl Zeiss Jena, Germany) was calibrated by six samples in the scale with the U increase from 6 to 60 mg . 100 ml −1 . The A was investigated by the spectrophotometric measurement at 485 nm of the wavelength. The A was absorbed into alkali solution of KCl with the salicylaldehyde due to 24 hours microdiff usion in the special vessels (at 20 °C in the darkness). Spekol 11 was calibrated by the fi ve points on the scale with the A increase from 1 to 20 mg . l −1 . The CA was determined by the spectrophotometric measurement at 428 nm of the wavelength. Milk was coagulated by the trichloracetic acid and a er it the adventitious fi ltrate reacted with the pyridin and acetanhydride (30 minutes at 32 °C). The citric acid generates with the pyridin a yellow-coloured complex in acetanhydride medium. The Specol 11 was calibrated by seven points of the concentrations from 1.5 to 20.0 mmol . l ) at the measurement of each milk sample set.
Active acidity (pH) was measured by the pH-meter CyberScan 510 (Eutech Instruments) at 20 °C. The mentioned instrument was regularly calibrated by the standard buff er solutions (pH 4.0 and 7.0 Hamilton Duracal Buff er, Switzerland) at the mea sure ment of each milk sample set.
The TA was measured with the milk titration (100 ml) by the alcaline solution up to the light pink colour of the mixture (in ml of the 0.25 mol . l ). The method was performed according to the standard ČSN 57 0530.
The AS was determined with the help of the milk titration (5 ml) by 96 % ethanol to the creation of the fi rst visible milk protein precipited fl akes (expressed in ml of alcohol).
The macro-and microelement milk contents were investigated by the atom absorption spec tro pho tomet ry on the equipment Spectrometer SOLAAR S4 and 6F S97 Thermo Elemental (England) according to standard operation procedures of the accredited laboratory. The instrument was included into proficiency testing with mostly successful results.
The FAM-TCMs (carried out according to stan dard ON 57 0534 by the slightly modifi ed procedure with thermophilic yoghourt culture YC-180-40-FLEX = Streptococcus thermophilus, Lactobacillus delbrueckii subsp. lactis and L. d. subsp. bulgaricus) were investigated by the calculation of the colony forming units (CFU) at the classical plate cultivation method (at 30 °C for 72 hours) with GTK M (Milcom Tábor) agar with the glucose monohydrate, triptone-peptone, dehydrated yeast extract and skim milk powder, according to standard ČSN ISO 6610.
Statistical procedure of evaluation of results of the experiment
The collections of data with results of milk com-1.
ponents (fat, proteins, lactose) were clear of outliers on the level of probability of confi dence interval 99 % (arithmetic mean x ± standard deviation s x × 2.58). For the collection of results of SCC we used a similar method with logarithmically transformed results to approximate the collection of data to a normal frequency distribution. In this case of purifying the data we also used a method of a qualifi ed guess (the value of measurement < 3 000 thousand/ml). Results of SCC were for all the calculations ap-2.
plied in their original values thousands/ml and also in their logarithmically transformed form (log) and sequentially in geometric means (g). Concerning the component features (fat and 3.
protein) we computed in kg of fat and protein (T kg and B kg) produced in the morning, in the evening and during the whole day. Calculations were based on established daily milk yield. The statistical calculations were made using SPSS 4.
15.0 program for Windows®, release 15.0.0 (6 Sep 2006).
RESULTS AND DISCUSSION
Basic statistical parameters of examined milk indicators and reproduction are shown in table No. I Tables No. II, III and IV show correlation relations between the features of milk yield and reproduction, stating the number of examined animals at the same time. In some cases the calculated correlations may not be absolutely relevant. These are the cases where deterioration of a feature is conditioned by getting out of the physiological range -i.e. in case of very low or on the contrary very high values (for example in case of urea concentration). Table No . V hence shows the relations of reproduction and chosen features of milk yield when the feature is represented by its mean (presented in the form of x ± 1s) and when its values were raised (above x ± 1s).
Milk yield (kg)
Table No. I clearly shows relatively high ave ra ge milk yield in the examined group of dairy cows (7 047.42 kg of milk s x = 1 508.11 kg) and a corresponding high maximal lactation (10 715 kg). This higher milk production is connected to corresponding reproduction traits, which correspond with the yield. An average length of service period (102.3 days; s x = 49.71 days) and the number of inseminations (1.93; s x = 1.26) were infl uenced by several animals with extremely deteriorated reproduction, which corresponds to the values of variability (s x ) and a maximal reached value (324 days; 8 inseminations).
When the calculated correlations were evaluated (tables No. II, III, IV) the milk yield reached significant (* p < 0.05) to very signifi cant (**p < 0.01) nega ti ve correlation to content of some milk components: fat (−0.253**); rough protein (−0.256**); casein (−0.197**); pure protein (−0.247**); and also to content of some macroelements as: phosphorus (−0.245**); sodium (−0.261**); magnesium (−0.151*). A negative correlation to the total content of dry matter (−0.247**) follows these data. Very signifi cant negative correlation appeared also in the feature freezing point of milk (−0.167**), which decreases as the production increases (mean = −0.5281 °C.). On the other hand lactose showed a positive correlation (+0.258**) -tables No. II, III, IV.
Relation of milk yield (in kg) and reproduction traits (number of inseminations and length of service period) shows non-signifi cant positive correlations (tables No. II, III, IV). It confi rms a general tendency of deterioration of reproduction with an increasing milk yield. It is evident also when the reproduction traits on the middle level of production (presented in a form of x ± 1s) are compared to an above-avera ge milk production (> x + 1s) -table No. V. In this comparison of average and high producing cows the length of service period reached 102.32 and 112.98 days; number of insemination was 1.9 and 2.0. Even though these diff erences are non-signifi cant, a deterioration of reproduction of high producing cows is evident. This tendency is also evident from fi gure 1, which shows a correlation dependence of milk production a er a fi nished 305-day lactation and the length of service period.
Content of fat (%) and protein (%)
Even though a high milk production has been reached in the examined herd, this yield is connected also to a good fat content of milk (average = 3.9 %; s x = 0.629) and a percentage of rough protein (average = 3.43 %; s x = 0.251 %) -table No. I. It also corresponds to an average content of casein (2.75 %; s x = 0.24 %) and pure protein (3.24 %; s x = 0.246 %). All the exa mined protein components showed a low variability of values, expressed by a form of (s x and V x ).
Content of fat (in %) and rough protein (in %) show very similar tendencies that are a consequence of their mutual very signifi cant correlation (fat -rough protein +0.269**). This relation is also evident in a mutual corAnalyse of the relationship between milk components and reproduction in the Czech Fleckvieh 17 relation of fat -casein (+0.276**) and fat -pure protein (+0.248**). Both these milk components at the same time show the already mentioned negative correlation to a level of milk production (−0.253**; −0.256**). A higher content of fat and rough protein when the milk yield was lower is evident also from table No. V. This table clearly shows that cows with a higher fat content (above x ± 1s), reached a lower milk production by 956 kg (7114.18 -6155.12) and similarly, cows with a higher content of protein showed a lower production by 508.70 kg (7021.00 -6512.3).
When the reproduction traits were observed, we noticed their deterioration in case of a higher content of fat (in %). When the content of protein was higher, this deterioration did not appear. Even though the diff erences in reproduction of cows with an average fattiness (number of inseminations = 1.9; SP = 101.0) and with a markedly above-average fattiness (number of inseminations = 2.00; SP = 105.32) are statistically non-signifi cant, they may be related to a lipomobilisation (a syndrome of a pre-calving fattening) of cows.
Content of lactose (%)
We have noticed a higher average content of lactose (5.1 %; s x = 0.197 %), which corresponds to the fact that the cows were in their fi rst lactation and in its fi rst half. Variability of this feature was low both in case of s x and V x (3.7) -table No. I.
When the correlations were evaluated (tables No. II, III, IV) we found mainly a very signifi cant negative correlation to a somatic cell counts (−0.505**) and to the freezing point of milk (−0.238**). Correlation of lactose content (in %) and log of somatic cell counts is also evident from the fi gure 2. On the other hand very signifi cant positive correlations were proven in fatless dry matter (+0.539**) and content of total dry matter (+0.189**). Relation to other milk components was non-signifi cant. Also a relation of lactose content to other reproduction traits was nonsignifi cant.
Concentration of urea (mg . 100 ml −1 )
Concentration of urea, indicating a level of nutrition of the cows, was in average higher (36.76; s x = 7.02 mg . 100 ml −1 ) -table No. I, than generally valid physiological values and at the same time the variability of this feature was higher. When we consider concentration of urea and an observed percentage of rough protein in milk (3.43 %) it is evident that energy and rough proteins were very well provided in the feed ration.
Calculated correlations of urea and reproduction features may not be a valuable piece of information because values out of a physiological range (higher and lower) might be a cause of reproduction malfunctions. That is why we have carried on a comparison within a physiological range (20.00-31.00 mg . 100 ml ) which may be according to some authors (e.g. Říha, J. and Hanuš, O., 1999) a cause of a deteriorated reproduction, did not appear in the examined group of cows.
Concentration of acetone (mg.l −1 )
A content of acetone, as an indicator of metabolic malfunctions, was in its average on the level of physiological values (3.49 mg.1 ) and when its values were higher (above 7 mg.1 −1 ), reproduction malfunctions were apparent. When the concentration was physiological, number of insemination was 1.82 and length of service period was 95.63 days. On the other hand, when the concentration of acetone was higher, number of insemination increased to 2.24 and the length of service period went up to 103.2 days. These diff erences were not statistically signifi cant.
Somatic Cell Counts (thousand.ml −1 )
The examined herd reached a very good average somatic cell counts (199 thousand.ml −1 ). That, together with a higher average titration acidity (8.14 SH), indicates a good state of health of udders of the examined fi rst-calf cows -table No. I. Also in case of somatic cell counts we evaluated reproduction indicatorscomparing average values (up to 300 thousand.ml −1 ) and increased values (above 300 thousand.ml −1 ). Also in this feature we found reproduction features lower within the physiological range (number of inseminations = 1.92; SP = 101.4 days) than when the number of somatic cell was increased (number of inseminations = 2.03; SP = 108.2 days). Even though the average service period was longer by 6.8 days, these differences were not statistically signifi cant.
The conclusions stated show that increased concentrations of urea, acetone, somatic cell counts and percentage of fat may be connected to deteriorated reproduction indicators. This negative relation was not proven to an interval describing number of days between calving and the fi rst insemination.
Also other authors proved that increased concentration of some milk components is connected to a worsened reproduction. Very important is the observation of the urea concentration (Oltner, R. and Wiktorsson, H., 1983; Gustafsson, A. H. and Emanuelson, U., 1993; Hanuš, O. et al., 1993; Homolka, P. and Vencl, B., 1993; Piatkowski et al., 1981; . Baker, L. D. et al., 1995 and other) and acetone concentra-tion (Gustafsson, A. H. and Emanuelson, U., 1993; Hanuš, O. and Ticháček, A., 1997; Gravert, H. O. et al., 1986; . Hlásný, J., 1997; Říha, J. a Hanuš, O. 1999b; and other) . Also Říha, J. a Hanuš, O. (1999a) came to similar conclusions. They proved that the higher concentration of urea, i.e. supposed higher nitrogen stress of the organism, the worse important practical indicators of cow fertility are -mainly the length of service period, insemination interval and getting pregnant a er the 1 st insemination. Also Baker, L. D. et al., (1995) found that high concentrations of urea in bodily fl uids of the cows reduce metabolic eff ectiveness of milk production, infl uence negatively health and reproduction.
CONCLUSION
We have found out that when the concentration of urea, acetone, somatic cell counts and percentage of fat in milk of Czech Fleckvieh cows was increased, reproduction traits worsened (number of inseminations, length of service period). The diff erences were not statistically signifi cant. This negative relation was not proven to an interval (number of days between calving and the fi rst insemination), where a company management may have a signifi cant infl uence. We have also calculated very signifi cant negative correlations between milk production (in kg) and a content of rough protein, fat, casein, pure protein and some macroelements (Na, Mg, P). 
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